Subclinical hypothyroidism (SCH) is a common clinical condition, whereas it's natural course has not been identified distinctly. We evaluated the natural history of 169 SCH patients over 5-yr and the prognostic factors including thyroid autoantibodies and thyroid ultrasonographic (USG) findings related to develop overt hypothyroidism. After 5 yr, 47.3% of patients showed normalization of TSH, while 36.7% of patients remained persistence of high level of TSH, and overt hypothyroidism developed in 11.2% of patients. There were painless thyroiditis (2.9%) and hyperthyroidism (1.7%) during 5 yr follow-up. The thyroid nodule was seen in 48.6% of patients. Most of patients had 1 to 2 nodules whereas only 3% of patients with thyroid nodule had more than 6 nodules. Overt hypothyroidism patients had more heterogenous echogenecity in USG compared to patients with normalization or persistent SCH (76.5% vs 50.0% vs 35.0%, P = 0.048) and higher prevalence positive anti-thyroid peroxidase (anti-TPO Ab) and anti-thyroglobulin antibody (anti-Tg Ab) and titer of anti-TPO Ab than other two groups. The cut off values for prediction of overt hypothyroidism were TSH > 7.45 µIU/mL, free T4 < 1.09 ng/dL and Anti-TPO Ab > 560 IU/mL. SCH has various courses and initial TSH, free T4, presence of thyroid autoantibody, titer of thyroid autoantibody; and thyroid USG findings can serve as a prognostic factor for progression of overt hypothyroidism. These parameters suggest consideration to initiate thyroid hormone treatment in SCH.
INTRODUCTION
Subclinical hypothyroidism (SCH) is defined as the clinical state with higher serum thyroid stimulation hormone (TSH) concentration than the statistically defined upper limit of the reference value when serum free T4 concentration is within its reference range (1) . The prevalence of SCH is continuously increasing; it might be related with the development of TSH assay and frequent routine checking of TSH in regular health surveillance for general population. The prevalence of SCH is between 4% to 10% in general population and it is more common in woman with their older than 60s (2, 3) . Although SCH have been shown clinical association with several health problems such as, hyperlipidemia, cardiac dysfunction, mood disorder and overt hypothyroidism, research findings have not consistently supported these concerns (4) (5) (6) (7) (8) . Several studies show the different results of treating subclinical hypothyroidism, and it leads to no establishment of standard consensus to treat subclinical hypothyroidism (9) (10) (11) (12) (13) (14) . There are some clinical followup observations for SCH, but they have important limitation to generalize of their data in the aspects of short duration of follow-up and very limited number of patients (15, 16) . Heterogenous echo pattern or decreased echogenicity on thyroid ultrasonography (USG) are indicative of several forms of autoimmune thyroiditis and are associated with thyroid dysfunction including overt hypothyroidism and SCH (17, 18) . The usefulness of performing routine thyroid USG in patients with SCH continues to be debated.
In this study, we prospectively investigated the natural course of SCH in Korean population during a follow-up period of 5 yr and the prognostic factors including thyroid autoantibodies and thyroid ultrasonographic findings related to develop overt hypothyroidism.
MATERIALS AND METHODS

Subjects
The study enrolled 197 patients who were diagnosed SCH at the endocrinology department in Chungbuk National University from 2005 to 2006. Twenty patients were excluded due to pregnancy and follow-up loss. Thyroid cancer was diagnosed in 8 patients of 177 patients (4.5%) at the beginning of the study. Ultimately, a total of 169 patients with SCH was subjected to this study.
The diagnostic criteria of SCH was defined as patients having free T4 between 0.89-1.79 ng/dL with TSH > 4.05 µIU/mL (reference range: 0.17-4.05 µIU/mL). Overt hypothyroidism was defined as patients having low free T4 below 0.89 ng/dL and elevated TSH above 4.05 µIU/mL. Serum TSH, free T4 and T3 were repeated at an interval of 2 weeks before enrolling the study to minimize assay variation or fluctuation. The exclusion criteria were defined as patients conditions or taking medications, which affect thyroid functions, including pregnancy, female hormone therapy, thyroid hormone therapy, methimazole, carbimazole, prophylthiouracil, amiodarone, lithium and dopamine antagonist. Also patients with normal free T4 and TSH over 10 µIU/mL who complained of fatigue or weakness and took thyroid hormone were excluded.
History of thyroid surgery, I 131 treatment for Graves' disease or toxic multinodular goiter was also excluded. We implemented biochemical study, anti-thyroid peroxide enzyme antibody (Anti-TPO Ab), anti-thyroglobulin antibody (Anti-Tg Ab) at the study enrolling points. All patients underwent thyroid USG to evaluate echogenecity pattern and thyroid nodule.
Follow up studies was performed at the first 6-month and annually over a period of 5 yr. After 5 yr follow up, we classified them into 3 subgroups based on the end study of the thyroid function test (Normal thyroid function group, Persistent SCH group, and Overt hypothyroidism group).
Hormone and thyroid autoantibody measurement
Thyroid function test was measured using venous blood samples. Serum TSH (reference range: 0.17-4.05 µIU/mL, Beckman Coulter, Fullerton, CA, USA), free T4 (reference range: 0.89-1.79 ng/dL, Beckman Coulter) and T3 (reference range: 78-182 ng/ dL, Beckman Coulter) levels were measured by radioimmunoassay (RIA).
Anti-TPO Ab and Anti-Tg Ab were measured by RIA (Beckman Coulter), with a reference value of up to 40 IU/L.
Thyroid ultrasonography
Thyroid USG was performed initially with a IU22 (Philips Medical System, Bothell, WA, USA) for evaluation echogenicity and thyroid nodule by designated one radiologist. The echogenicity was assessed by a standardized comparison of the echogenicity of the thyroid gland with the echogenicity of the sternohyoideus muscle. The radiologist followed the standard USG procedure to check thyroid illness.
Statistical analysis
We used PASW 18.00 (Version 12.0: SPSS Korea Date solution Inc., Seoul, Korea) as a statistical analysis method for this study. The variation was expressed as mean ± standard deviation. We used one-way ANOVA, chi-square test and logistic regression test as statistical analysis method and accepted that study was statistically significant if P value was less than 0.05.
Ethics statement
We received a written consent from the patients. The institutional review board of Chungbuk National University Hospital approved the study protocol (IRB No. 201305020).
RESULTS
Baseline clinical characteristics
The clinical and biochemical parameters of all patients were summarized in Table 1 . Study population was 169, their mean age was 51.5 ± 12.9 yr, and females were 124 (73.4%). The mean TSH, free T4 and T3 value was 7.16 ± 2.40 μIU/mL, 1.12 ± 0.18 ng/dL and 100.01 ± 19.39 ng/dL, respectively at the baseline study. As mentioned above, we repeated thyroid function test due to minimize assay variation or fluctuation. Free T4, T3 and TSH values were calculated the average levels of repeated thyroid function test.
The mean total cholesterol, HDL-C, LDL-C and triglyceride was 209.19 ± 73.96 mg/dL, 50.42 ± 15.61 mg/dL, 132.63 ± 106.25 mg/dL, 169.69 ± 263.97 mg/dL, respectively. Anti-TPO Ab was positive in 28.4% of patients; and Anti-Tg Ab was positive in 26.6% of patients.
Natural course of subclinical hypothyroidism
Thyroid cancer was diagnosed in 8 patients at the beginning of the study. The majority of patients, 80 of 169 (47.3%), became having normal thyroid function after 5 yr of follow up. Sixty-two patients (36.7%) remained SCH continuously; and 19 patients (11.2%) progress to overt hypothyroidism. During the study, 5 patients (2.9%) developed painless thyroiditis while 3 (1.7%) progressed to hyperthyroidism.
SCH progressed to overt hypothyroidism in 1 patient at 6 month, 6 at 1th year, 5 at 2nd year, 4 at 3rd year, 2 at 4th year, and 1 at 5th year respectively. Overt hypothyroidism occurred within 3 yr mostly. Painless thyroiditis occurred in 3 patients at 1th year, 2 at 2nd year and hyperthyroidism occurred at 1th, 2nd, and 4th year respectively (Fig. 1) .
Prognostic factors for development of overt hypothyroidism
There was no difference in age, sex and lipid levels between three subject groups based on thyroid function. The mean TSH level at the baseline study was significantly high in overt hypothyroidism (6.59 ± 2.32 μIU/mL vs 7.39 ± 2.33 μIU/mL vs 8.86 ± 2.40 μIU/mL [normal thyroid function group vs subclinical hypothyroidism vs overt hypothyroidism]) ( Table 2 ). The mean free T4 level was also significantly low in overt hypothyroidism of 0.97 ± 0.11 ng/dL compared to normal thyroid function (1.17 ± 0.17 ng/dL) and SCH (1.11 ± 0.19 ng/dL), respectively. The cut off values for prediction of overt hypothyroidism were TSH > 7.45 µIU/mL and free T4 < 1.09 ng/dL.
The positive ratio of Anti-TPO Ab was the highest in overt hypothyroidism group (46.7%) compared to SCH (34.6%) and normal thyroid function (16.7%), respectively. Also the positive rate of Anti-Tg Ab was the highest in overt hypothyroidism (46.7%) compared to SCH (34.9%) and normal thyroid function (18.3%), respectively. The Anti-TPO Ab titer was also significantly the highest in overt hypothyroidism of 680.33 ± 300.34 IU/mL compared to normal thyroid function (94.63 ± 100.22 IU/mL) and SCH (153.79 ± 218.43 IU/mL), respectively. There was no difference in anti-Tg Ab titer between the three groups.
Multivariable logistic regression analysis showed TSH (odds ratio [OR], 1.27; 95% CI, 0.935-1.723; P = 0.050), free T4 (OR, 0.65; 95% CI, 0.478-1.421; P = 0.040), anti-TPO Ab titer (OR, 1.00; 95% CI 1.000-1.047; P = 0.03) and positivity of anti-TPO Ab (OR, 1.25; 95% CI 0.764-2.987; P = 0.04) as possible predictors of overt hypothyroidism (Table 3) .
Number
Follow-up 
Ultrasonographic finding of subclinical hypothyroidism
The frequencies of heterogeneous and homogenous echogenicity were 45.7% and 54.7% in SCH patients, respectively. The overt hypothyroidism group had higher heterogeneous echogenicity compared to normal thyroid function and SCH groups (76.5% vs 50.0% vs 35.0%, P = 0.048) ( Table 2 ). The thyroid nodule was seen in 48.6% of SCH patients. Most of SCH patients had 1 to 2 nodules and only 3% of patients with thyroid nodule had more than 6 nodules.
DISCUSSION
In this study, of 169 patients, the number of women were 124 (73.4%) and that of men were 45 (26.6%). The majority of patients were women in many other SCH studies (18) (19) (20) . The sex distribution of our study subject is comparable to previous studies for SCH. The prevalence of overt hypothyroidism was 4% to 15% in several studies (2, 19) . In this study the prevalence of overt hypothyroidism had similar result. SCH is related with coronary artery disease, cognitive function disorder, mood disorder, hyperlipidemia. We compared the presence of dyslipidemia related with thyroid dysfunction, however, there was no statistical relation between SCH and dyslipidemia. Unlike previous studies that evaluated the natural history of SCH simply focused on the development of overt hypothyroidism. This is, to our knowledge, the first prospective study that evaluated not only the development of the overt hypothyroidism but also the occurrence of the other thyroid dysfunction in SCH. The majority of previous studies has done to observe the natural course of SCH for 1-3 yr. One prospective study of the spontaneous course of SCH over was done 9 yr. However, the study had a limitation that the subjects consisted of only women (16) .
In our study for 5 yr, there was overt hypothyroidism of 19 patients (11.2%), painless thyroiditis of 5 (2.9%), hyperthyroidism of 3 patients (1.7%), SCH of 62 patients (36.7%), and normal thyroid function of 80 patients (47.3%). This study showed that the development of overt hypothyroidism or other thyroid dysfunction in SCH patients occurred within 3 yr. Therefore, we recommended that SCH patients were followed up thyroid function test at least 3 yr.
Pedro et al. (18) studied 117 patients of SCH for 3 yr and got the results of overt hypothyroidism of 27.3%, SCH of 20.5%, normal thyroid function of 52.1%. Huber et al. (15) reported 52% incidence rate of overt hypothyroidism during 9 yr study. One of Japan study for SCH, the incidence rate of overt hypothyroidism of 7% was similar to our study (19) . Compared to our study, the higher incidence rate of overt hypothyroidism in western study was due to the difference of races and the number of study population composition. In our study 5 painless thyroiditis (2.9%) and 3 hyperthyroidism (1.7%) occurred. Painless thyroiditis occurred during 1-2 yr observation and hyperthyroidism occurred at 1-2 yr, and at the 4th year. The relation between overt hypothyroidism and painless thyroiditis were found by Glinoer et al. (20) . There was increased SCH with high TSH value in pregnant women with thyroid autoimmune antibody as well as increase frequency of thyroiditis after delivery. All of 5 painless thyroiditis patients had thyroid autoantibody titers more than 10 times above the normal range in this study. Hyperthyroidism patients progress from SCH also had increased value of thyroid autoantibody. These patients with hyperthyroidism was diagnosed as Graves' disease and had high titer of thyroid binding inhibiting immunoglobulin, although, we did not evaluate the thyroid binding inhibiting immunoglobulin in all patients at base line study.
The clinical significance of mild elevation of TSH and the upper limit of normal for the serum TSH level have remained subjects of debate. In this study the cut off values for overt hypothyroidism showed TSH > 7.45 μIU/mL and free T4 < 1.09 ng/dL. Huber et al. (15) suggested that a TSH level higher than 12 μIU/ mL predicts a higher rate of progression, and a level of less than 6 μIU/mL predicts a lower likelihood of progression. Our result showed that the cut off value for overt hypothyroidism was lower than previous studies (15, 19) . In a Japanese study, TSH level > 8 μIU/mL was a predictive value for progression of overt hypothyroidism (19) . The serum TSH level showed similar to our result. This could be suggested in part by the ethnic variation or also by study population and selection. A multivariate logistic regression analysis identified possible factor that were predictive of overt hypothyroidism: initial TSH, free T4, Anti-TPO Ab titer levels. The positive ratio of both thyroid autoantibodies (Anti-TPO Ab and Anti-Tg Ab) was the highest in overt hypothyroidism group compared to SCH and normal thyroid function in this study. Autoimmune thyroiditis is the most common cause of hypothyroidism and it's positivity of Anti-TPO Ab is over 90%, but our study showed lower rate of positivity of thyroid autoantibody than reported in previous studies. It can be explained in part by small sized population or by population selection. The Anti-TPO Ab titer was significantly high in overt hypothyroidism, compared to normal thyroid function and SCH. Cut off value of Anti-TPO Ab titer for prediction of overt hypothyroidism was 560 IU/mL. There were a few data about the cut off value of Anti-TPO Ab titer for prediction of overt hypothyroidism. In one study reported that antibody titers more than 10 times above the normal range had a significantly higher incidence of developing overt hypothyroidism than patients with negative.
In agreement with previous studies, these results demonstrate that the presence of thyroid autoantibodies is predictive parameter of overt hypothyroidism. In Korean study, they showed that Anti-Tg Ab also appear to be better predictive thyroid autoantibody like Anti-TPO Ab for development of overt hypothyroidism (21 have a predictive value for the progression to overt hypothyroidism, which is in contradiction with our findings.
There were a few data about the evaluation of thyroid nodule in SCH. 48.6% of enrolled patients had thyroid nodules in our study. Generally the prevalence of ultrasound detectable thyroid nodule is between 19% and 67%. Most of all patients with thyroid nodules has less than 2 nodules, and only 3% of patients with thyroid nodule had more than six. There were 8 patients who was diagnosed thyroid papillary cancer. Cooper et al. (12) reported that the overall risk of malignancy in a thyroid nodule is 5% to 10%. In this study, the prevalence of thyroid cancer was 9.3% in SCH with thyroid nodule. These results showed that SCH had similar prevalence of thyroid nodule and cancer as in general population. Vejbjerg et al. (22) reported that heterogeneous echogenicity in thyroid USG and higher serum TSH level even in subjects without overt thyroid disease are possible marker of thyroid failure. Similarly, the overt hypothyroidism group had higher heterogeneous echogenicity compared to normal thyroid function and SCH groups in this study.
In conclusion, this study suggested that subclinical hypothyroidism has various courses. Initial TSH, free T4, presence of thyroid autoantibody, high level of thyroid autoantibody titer and thyroid USG findings may be prediction factors for the progression of overt hypothyroidism. Additionally, our findings suggested that there may be a benefit to initiate therapy in SCH patients who had these factors at initial evaluation.
DISCLOSURE
The authors have no conflicts of interest to disclose.
